Reproductive as well as vegetative parameters of mature soybean (Glycine max [L.] Merr. cv. Wye) plants grown in chambers in which the aerial portion was exposed to altered PO2 during all or part of the growth cycle were measured.
Oxygen concentration was found to be a key factor controlling all phases of reproductive development. Exposure to 5% 02 from early seedling stage to senescence increased leaf, stem, and root dry weights and reduced seed yields when compared to 21% 02; exposure to low 02 during the vegetative growth stage from early seedling to mid-flowering arrested pod but not seed development; exposure from mid-flowering to midpod filling almost completely arrested seed but not pod development; exposure from mid-pod filling to senescence arrested seed development at the mid-filling stage.
Exposures to 5% 02 initiated at mid-flowering for 1, 2, 3, 5, 10, and 15 days had no effect on seed development when the exposure was up to 3 days and produced almost total arrest when the exposure was 10 or more days, suggesting reversibility. The requirement for 02 in seed development is independent of C02 concentration with similar results produced by subambient 02 combined with ambient C02, elevated C02 Up to 2000 I/l or depressed levels of C02 with the C02/02 ratio as in air. An elevated 02 atmosphere containing 40% 02 and ambient or elevated C02 inhibited total growth but did not affect the balance of vegetative to reproductive growth.
We conclude that an unknown reaction or process requiring at least atmospheric concentrations of 02 but independent of CO2 in contrast to photorespiration is necessary for optimization of all phases of reproductive growth and the effect is reversible for exposures of up to 3 days but not for exposures of 10 days or more. We propose that this 02 phenomenon may be the result of a unique physical process or chemical reaction associated with translocation and accumulation of assimilates in reproductive structures.
Subatmospheric 02 concentrations increase apparent photosynthesis and growth in species with high rates of photorespiration (the so-called C3 plants2 soybean, whereas in an unrelated 02 process arrest reproductive growth of both C3 and C, species, indicating that 02 is a key factor controlling reproductive growth (7, (11) (12) (13) Table I and Figure 2 and are in agreement with our previously reported results for exposure during the complete growth cycle (7, (11) (12) (13) . Exposure to 5% 02 during all stages of development increased leaf, stem, and root dry weights and reduced seed yields when compared to 21% 02. Continuous exposure from 14 to 83 days of age, the period from early seedling development to senescence, increased the dry weight of vegetative plant parts consisting of stems, leaves, and roots by 107%, whereas the number of fully developed pods and seeds were reduced to zero. It is clear from these results that vegetative growth is strongly enhanced under environments containing low concentrations of 02, presumably by stimulation of net photosynthetic CO2 fixation, and as well, an unrecognized 02-dependent process is required for reproductive growth.
Plants treated from 14 to 35 days of age, the period of rapid vegetative growth to mid-flowering, produced large numbers of shortened pods which contained an average of about one larger than normal seed per pod, whereas treatments from 35 to 50 days of age, the period of early seed development, and 35 to 83 days of age, the period of early seed development to senescence, produced large numbers of pods of normal size but they all contained underdeveloped seeds. Late exposure from 50 to 83 days of age, the period of mid-pod filling to senescence, did not affect pod development but arrested seed development at the time of exposure and thereby reduced seed yield by 50%.
These exposures to low 02 during specific stages of development indicate that two types of reproductive growth are affected by 2.-Early exposure up to the mid-flowering stage of development affect pod but not seed development, whereas later exposures during flowering and pod filling affect only seed development. The lack of an effect on seed development by early exposure to 5% 02 suggests that the exposure precedes the period of need of the developing seed for high concentrations of 02 or occurs during a period where reversal may occur. Table III and Figure 3 . These results indicate that the 02 effect on reproductive growth is independent of pCO2 and provides further evidence that this role of 02 iS totally unrelated to photorespiration. We have also made some preliminary tests with elevated concentrations of 02. An exposure to 40% 02 and ambient CO2 reduces both total vegetative and reproductive growth (Table III and Fig. 3 ). This reduction in total growth is attributed to an inhibition of photosynthesis by 02, commonly referred to as the Warburg effect, and a stimulation of photorespiration (4, 16). Other work (4) using excised soybean leaves showed an approximate 60% reduction in apparent photosynthesis at 40% 02 and 273 ,ul/l CO2 compared to 1 % 02. In our studies with intact plants grown to maturity in an atmosphere of 40%02 and 300 1.l/l C02, total growth is reduced 55% compared to plants grown in ambient air. In this elevated 02 atmosphere, 62% of the total dry weight ends up in the reproductive structures compared to 64% for air and only 5% for an atmosphere containing 5% oxygen. These results indicate that, although this concentration of elevated 0O compared to air inhibits total growth, it does not affect the partitioning of photosynthate between reproductive and vegetative structures, whereas at subambient 02 levels of 5 
